Background The number of uninsured children in the USA is increasing while the impact on children's health of being uninsured remains largely uncharacterized. We analyzed data from more than 23 million US children to evaluate the effect of insurance status on the outcome of US pediatric hospitalization.
Introduction
Within the USA, the number of uninsured children has been increasing in recent years, both in absolute number and in proportion to the population. In 2006, an additional 1.4 million children were added to the ranks of the uninsured, bringing the total to 9.4 million, or 12.1% of all US children. 1 This increase has been attributed to declines in employer coverage without commensurate increases in coverage provided through Medicaid or the State Children's Health Insurance Program (SCHIP). 2, 3 Uninsured adults 4 are less likely to receive preventative care, 5, 6 are more severely ill when diagnosed, 7, 8 and have worse outcomes. 7 -12 In pediatric patients, insurance status has been shown to reduce unmet healthcare needs, 13 improve access to health care, 14, 15 and improve utilization of health care. 16 Furthermore, pediatric data from the National Inpatient Sample (NIS) has demonstrated an association between increased mortality and pediatric patients without insurance. 17 Nevertheless, the global impact of insurance status on inpatient pediatric mortality remains largely uncharacterized. Given the substantial policy debates regarding expanding SCHIP, a better understanding of the risks and benefits of providing improved insurance coverage to children is needed. The specific aim of this study was to use a collection of administrative databases in the USA from 1988 to 2005 to characterize the impact of insurance status on inpatient mortality and costs of care.
Methods Databases
The analysis was based on a non-overlapping combination of 15 years of the NIS (1988 -1996, 1998 -1999, 2001 -2002, 2004 -2005 ) and 3 years of the Kids' Inpatient Database (KID) database (1997, 2000, 2003) . Both databases are produced by the Healthcare Cost and Utilization Project (HCUP) of the Agency for Healthcare Research and Quality. The NIS is an all-payer database that annually contains information from up to 8 million inpatient discharges from approximately 1000 hospitals across the USA and represents a 20% stratified sample of all hospitals from 37 states. 18 The KIDs' database contains a sample of pediatric discharges from all the community, non-rehabilitation hospitals in states, which participate in the HCUP. Unlike the NIS, with hospital-level sampling, the KID samples patient discharges are then weighted to obtain national estimates. The algorithm involves systematic random sampling to select 10% of uncomplicated in-hospital births and 80% of complicated in-hospital births as well as other selected pediatric cases. The KID contains information from up to 36 states. 19 Information collected on patients in both databases includes age at admission, gender, race, diagnosis and procedure information, insurance status, admission source, total hospital charges, disposition, length of stay (LOS) and descriptive hospital information (state, urbanicity, teaching status and bed size). Geographic regions were defined by US Census standards. Hospitals in metropolitan counties were considered urban, while hospitals in micropolitan or non-core areas were classified as rural. A hospital is considered to be a teaching hospital by the American Hospital Association if it has an American Medical Associationapproved residency program, is a member of the Council of Teaching Hospitals or has a ratio of full-time equivalent interns and residents to beds of 0.25 or higher. 20 Admission sources of the non-emergency department category included transfers from another acute care hospital, long-term care facility, outpatient clinics or correctional facilities.
Inclusion criterion for the analysis was an age at admission of less than 18 years. The primary-dependent variable was inpatient mortality while secondary-dependent variables were hospital LOS and total hospital charges in 2007 dollars using the medical care consumer price index. 21 The primary exposure variable was insurance status. Patients were divided into uninsured and insured groups based on the recorded primary payer. Self-pay patients were defined as uninsured while individuals whose expected primary payer was Medicare, Medicaid or private insurance (including Blue Cross, commercial carriers, private HMOs and PPOs) were classified as insured. Unknown insurance status patients were excluded from comparative analyses.
Data management and analysis
A descriptive analysis was performed using variables of gender, race, inpatient mortality, geographic region (Northeast, Midwest, South, West), type of hospital (urban teaching, urban non-teaching and rural), and admission source (emergency department, non-emergency department). Summary statistics for LOS and inflation-adjusted total hospital charges were calculated. 21 National estimates were produced by using the discharge weights to extrapolate from the NIS or KID data sets to the discharges from all US non-rehabilitation hospitals.
Unadjusted comparisons between groups were performed using Pearson's chi-square for categorical variables or the Wilcoxon Rank Sum test for non-normally distributed continuous variables. Multiple logistic regression was utilized to evaluate the impact of insurance status on inpatient mortality. To evaluate the impact of insurance status on LOS and charges, we used linear regression without transformation to facilitate interpretation. An interaction term between race and insurance among patients with available data was included in the regression analysis. Subset analysis was performed in patients aged 1 or older to eliminate the potential influence from inadequate prenatal care. Additional subset analyses were performed in subgroups across the entire spectrum of ICD-9 diagnosis codes, divided into subcategories by major disease groupings similar to that used by the National Hospital Discharge Survey (NHDS), the largest and longest running survey of hospital utilization in the USA. 22 Simulation was performed by applying the adjusted death rates among insured hospitalizations, as calculated based on the overall multivariate model, to uninsured hospitalizations. An alternative simulation analysis was performed where uninsured patients were grouped with Medicaid patients for comparison with insured patients. Stata/ Multi-Processor, version 10 (College Station, TX), was used for the analysis.
The study was exempted by the Johns Hopkins Institutional Review Board. Table 1 ). Pediatric patients from both groups were almost equally likely to be treated at urban teaching hospitals (47.55 versus 47.76%, P , 0.001) and urban non-teaching hospitals (38.40 versus 40.52%, P , 0.001). Uninsured pediatric patients compared with insured were more likely to present through the Emergency department (22.92 versus 18.21%, P , 0.001).
Results

Demographic data of uninsured and insured patients
Inpatient hospitalization outcomes of uninsured and insured pediatric patients
Median LOS was 2 days (interquartile range: 1 -3) for both the uninsured and insured groups ( Table 2) . Among patients who died during the admission, the uninsured pediatric patient had a shorter median LOS of 0 days (interquartile range: 0 -2) versus insured patients with a median LOS of 1 day (interquartile range: 0 -9). In contrast, among patients who survived their hospitalization, there was a smaller difference in LOS, with the uninsured having a median LOS of 2 days (interquartile range: 1 -3) and the insured patients having a similar a median LOS of 2 days (interquartile range: 2 -3).
Mean and median total hospital charges were lower in the uninsured ($9388, $3034) versus insured group ($12 637, $43 349). Among pediatric patients who died during their hospitalization, insurance status was significantly associated with total hospital charges, as median total hospital charges for uninsured patients who died were substantially lower than those who died and were insured ($8058 versus $20 951). Disparity remained between median total hospital charges of uninsured and insured children who survived their hospitalizations but was not as large ($3024 versus $3333).
In-hospital crude mortality was higher for uninsured children than insured (0.75 versus 0.47%). Crude mortality rates for uninsured were higher in every patient subgroup analyzed by gender, race, age, hospital region, or type of hospital (Table 3) .
Adjusted analysis of factors affecting mortality
Multivariate analysis of factors that contribute to mortality is presented in Additional multivariate analysis revealed that uninsured hospitalizations have 0.6 days shorter lengths of stay and $2342 lower total hospital charges. Adjusted mortality rates calculated based on the multivariate analysis were 0.74% for uninsured patients versus 0.46% for insured patients, corresponding to an excess mortality of 37.8% (Fig. 1) . Subset analysis for groups of patients separated by firstlisted diagnosis is presented in Table 4 . The largest categories of the first-listed diagnosis were complications relating to birth, pneumonia and asthma, a distribution that was similar to data from the NHDS. There was no quantitative difference across categories, in almost all groups uninsured patients were significantly more likely to die than uninsured patients.
Another subset analysis was performed by race, and similarly confirmed the deleterious effects of uninsurance in all racial groups (data not shown). 
Preventable death projections
Applying the adjusted mortality rate among insured hospitalizations (0.46%) to the uninsured hospitalizations, our simulation estimated that 3535, or 37.8%, of the deaths among uninsured hospitalizations might have been prevented by insurance coverage, assuming no other confounding factors (Fig. 1) . Extrapolating data to the entire US population using the weights provided in the NIS database, the total HOSPITAL MORTALITY OF UNINSURED US CHILDREN number of hospitalizations for the time period of the study in the US was 117 million (Fig. 2 ). Of these, 5 995 395 were hospitalized with no insurance at admission and 38 649 of this group went on to die during that same hospitalization. Provision of insurance may potentially have allowed 16,787 children to survive over the 18 years period of the study according to the simulation.
Preventable death projections: alternative classification of the uninsured
Since Medicaid patients are heterogeneous with a proportion maintaining long-term coverage while others might gain retroactive coverage upon discharge, we decided to perform the analysis utilizing an alternative classification where patients who received insurance retroactively were classified into the uninsured group. Using this alternative categorization, the adjusted mortality rate among the insured was 0.44% as compared with 0.52% among the uninsured/Medicaid population. Of the 241 209 deaths that occurred in the uninsured/ Medicaid population, the simulation suggests that 39 323 deaths may have been prevented by providing insurance. This sensitivity analysis confirmed that our model does not change qualitatively regardless of whether Medicaid patients were classified as insured or uninsured.
Discussion
Main finding of this study
Analyzing data from 23 million admissions over 18 consecutive years, our study demonstrates that US children who were hospitalized without insurance had significantly increased all-cause mortality as compared with children with insurance. The adjusted mortality of uninsured children was approximately 60% higher than insured children. Extrapolating data to national figures, we estimate that 16 787 deaths of 5 995 395 uninsured hospitalizations might have been prevented over this time period assuming lack of insurance was the driving factor. Although the overall LOS of insured and uninsured children was the same, insured children who died were likely to be hospitalized longer by 1 day, which may be an indirect indicator of disease severity of the uninsured at presentation. Similarly, total hospital charges for insured children who died were substantially higher at $20 951 per patient as compared with uninsured children at $8058. This may be due to the higher disease severity of uninsured children, which precludes them from receiving additional care as they likely expired sooner than the group of insured children who also died in the hospital. This presumption of increased disease severity of uninsured children is partially supported by the noted difference in resources being expended on uninsured and insured children who live during their hospitalization which is much less.
While this type of study cannot establish a causal relationship between lack of insurance and increased mortality in children, the findings are consistent with similar associations found in adults. 24 -26 The lack of insurance may be a surrogate for socioeconomic status especially impacting pre-natal care. Similar to analysis of adult populations, 4 parents of children without insurance may have limited access to health services and be more likely to use the Emergency department as their primary source of care, 5, 6 have more advanced disease when they present for care 7, 8 and have a higher rate of avoidable hospital stays. 27, 28 However, when we limited our analysis to patients 1 year and older, in an attempt to exclude the potential negative impact of poor pre-natal care, results were similar.
What is already known on this topic
While most developed countries provide universal health insurance, the US does not. Many health policy experts believe that the US should provide health care regardless of its ability to pay. 29 -33 The lack of insurance contributes to worse health outcomes and increased costs of care in adults. 7 -11,27,28,33,34 Our study provides evidence that the lack of insurance in children may have similar consequences, with a 60% increased risk of mortality.
What this study adds
We used comprehensive data that covers up to 37 states over the 18 year period, thus minimizing institutional and regional variations present in smaller datasets and case series. Additionally, our study included all pediatric patients admitted to a hospital rather than patients with a specific disease or having a specific procedure. Our methodology in categorizing uninsured versus insured patients is one of the more stringent of previous approaches. Only children under 18 years of age who had insurance information available in the database at the time of discharge were included in the study. Children labeled as 'self-pay' were placed into the uninsured category whereas patients with Medicaid or private insurance were placed in the insured category. However, many children labeled as having Medicaid insurance for the purposes of our study may have initially presented to the hospital without insurance but then received coverage retroactively after being enrolled in the SCHIP program. Using discharge data, we cannot separate children who are admitted with Medicaid versus those who received it retroactively through SCHIP. As such, patients with Medicaid are often labeled or grouped with the uninsured. 25,35 -37 Thus, we kept patients who carried the Medicaid designation under the insured category for the present analysis. In order to further address this issue of differing criteria of uninsured versus insured, we performed an alternative analysis categorizing both uninsured and Medicaid patients together to compare them against insured patients. This analysis demonstrated that 39 323 deaths may have been preventable due to uninsured patient status.
Limitations of this study
There are several limitations to our study. First, the present study design cannot establish a causal relationship that demonstrates being uninsured leads to higher mortality rates. Second, because we cannot link patients over time through these databases, the unit of analysis for this study is the hospitalization rather than the patient. Third, insurance status may be a marker for other factors that impact mortality such as socioeconomic status. This is especially true in evaluating infant mortality. However, as previously discussed, our findings were similar in children higher than 1 year of age. Fourth, we do not know how long patients had or did not have insurance prior to hospital admission, and this could affect patient access to preventative care which, in turn, could affect inpatient mortality when they are hospitalized. A patient could be labeled as insured even if he was uninsured for long periods of time before that hospitalization. However, it is equally likely for a patient to lose insurance just prior to hospitalization and thus be classified as uninsured. Therefore, the risk of misclassifying is equal among uninsured and insured, which would theoretically bias the study toward finding no (or less) association between insurance status and mortality. 38 Fifth, since our data are limited to inpatient records, outcomes would be unknown for patients who never had care and died at home. Sixth, the databases do not contain adequate information to allow for adjustment for disease severity or co-morbid disease, which are predictors for mortality. Besides lack of information, there are no accepted methods to adjust for comorbid disease in children, unlike adults. 39, 40 However, the average number of secondary diagnosis codes, a crude method to evaluate comorbid disease, was similar between uninsured and insured groups (1.5 versus 1.3, P ¼ 0.15).
In conclusion, children who were hospitalized without insurance have significantly increased all-cause in-hospital mortality as compared with children who present with insurance. Given these results and the increasing number of uninsured children, governmental and societal priorities should shift to ensure that the most vulnerable members of our society have health insurance. 
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